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Abstract

Hazardous sounds exist in our daily lives. There is a possibility of encountering accidents if people cannot
hear hazardous sounds. However, hearing-impaired people cannot hear these sounds and may be at risk
of accidents. Therefore, some hearing-impaired people live with a hearing-assistance dog. However, the
number of hearing-assistance dogs has decreased recently. Therefore, animal ear-like hazardous sound
detection devices have been proposed to support hearing-impaired people. Relevant hazardous sounds
include sudden sounds and approaching sounds. If these sounds can be detected and communicated to
hearing-impaired people, hearing-impaired people can be aided in noticing danger around them and
take action to remain safe. Furthermore, such a device can help alert hearing-impaired people about
danger before it happens and to avoid it. Additionally, when the device detects hazardous sounds, it is
necessary to distinguish them from surrounding noises. This paper proposes a method to distinguish
the hazardous sounds using the Zero Crossing Rate (ZCR), to be implemented for recognition on the
proposed device. In the experiment, a variety of sounds are recorded and categorized as sudden sounds,
approaching sounds, and surrounding noises. The ZCR of each sound is calculated from the recorded
sound data. The results show that the ZCR waveform can be said that it reflects the characteristics of
the waveform of the sound. It is demonstrated that there are differences in the ZCR values between
the sudden sounds, the approaching sounds, and the surrounding noises. Therefore, the ZCR may be a
useful aid in distinguishing hazardous sounds. The ZCR can distinguish hazardous sounds regardless of
their sound pressure. Also, the advantage of using ZCR is that it is independent of any specific frequency
threshold when detecting. Furthermore, the ZCR is a feature that requires little computation because
it is only based on counting how many times the signal changes sign. For this reason, it is suitable for
real-time processing on microcomputers.
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1. Introduction

Hazardous sounds exist in our daily lives. There is a possibility of encountering accidents if
people cannot hear hazardous sounds. However, hearing-impaired people cannot hear these
sounds. In 2022, there were about 310,000 hearing-impaired people in Japan [1]. Many hearing-
impaired people may be at risk of accidents if they cannot hear hazardous sounds. Therefore,
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some hearing-impaired people live with a hearing-assistance dog. The dog helps hearing-
impaired people by touching them and they can detect daily hazardous sounds [2, 3]. The
hearing-assistance dogs are identified by wearing an orange cape with words like “Hearing-
assistance dog” [4]. Therefore, people can understand the hearing-impaired person needs
support. However, the number of hearing-assistance dogs has decreased recently. Only 51
hearing-assistance dogs work in Japan currently [5]. Additionally, hearing-assistance dogs aren’t
widely recognized in society and they are refused entry to public facilities such as restaurants [6].
Therefore, animal ear-like hazardous sound detection devices have been proposed to support
hearing-impaired people [7, 8, 9, 10, 11, 12]. Such devices detect hazardous sounds, and notify
the hearing-impaired people of danger sources.

Relevant hazardous sounds include sudden sounds and approaching sounds. Example of
sudden sounds include alarms, bicycle bells, something falling down, and so on. These sounds
are signs of danger and environmental change. On the other hand, approaching sounds are
sounds made by approaching trains, bicycles, cars, and so on. These sounds also indicate
potential danger. They both help us notice danger around us quickly. So, it is important to
pay attention to these sounds and take action to remain safe in daily life. Surrounding noises
(aka, ambient noise) are the background sounds that you hear in everyday places. This noise is
always there, even if you don’t notice it. Surrounding noises can make it difficult to hear the
sounds you need to be aware of. If these various sounds can be detected and communicated
to hearing-impaired people, hearing-impaired people can be aided in noticing danger around
them and take action to remain safe. Furthermore, it can help hearing-impaired people know
about danger before it happens and avoid it. Also, when the device detects hazardous sounds, it
is necessary to distinguish them from surrounding noises. This paper proposes a method to
distinguish the hazardous sounds to be implemented for recognition on the proposed device.
This study specifically investigates a distinguishing approach based on the Zero Crossing Rate
(ZCR).

The rest of the paper is organized as follows. Section 2 explains existing technologies. Section
3 describes the animal ear-like hazardous sound detection device. Section 4 outlines the Zero
Crossing Rate (ZCR). Section 5 explains experimental method consists of the prototype of animal
ear-like hazardous sound detection device, recording environment, and calculation of the ZCR.
Section 6 shows the ZCR values as experimental results, and Section 7 gives our conclusions.

2. Existing technologies

There are four existing technologies that are related to either detecting hazardous sounds or
supporting hearing-impaired people. The first system identifies hazardous sounds and situations
through clustering based on the complete linkage method and probabilistic modeling of daily
environmental sounds [13]. This system requires a lot of calculations to process large volumes
of data. The second system monitors the elderly through sound. It supports health management
and danger detection by analyzing indoor acoustic environments using microphone sensors. In
this system, acoustic events are extracted from audio signals recorded by microphones through
machine learning techniques, providing insights into daily living patterns [14]. However, the use
of machine learning can lead to increased processing demands and higher power consumption.
As a result, these systems are difficult to implement on a mobile device. The third system
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distinguishes between daily sounds and non-daily sounds using a microphone array [15]. This
system is fixed in place and installed at a height of about 3 meters, making it unsuitable for
portable use. The fourth system is a hearing aid. Hearing aids support hearing-impaired people
by amplifying sounds. However, they have certain drawbacks, such as high cost, and users may
experience discomfort due to muffled sound quality or the echo of their own voice.

3. Animal ear-like hazardous sound detection device

The animal ear-like hazardous sound detection device is explained in this section. An overview
of this device is shown in Fig. 1. Hazardous sounds assist people to notice danger. The processing
flow of the proposed device is shown below.

1. The device continuously gets sound from the microphone sensor attached an animal
external attachment (Fig. 1 (i)).

2. The acquired sound is analyzed with a built-in microcomputer and is judged to be a
hazardous sound or not (Fig. 1 (ii)).

3. If the sound is judged to be a hazardous sound, the device notifies the hearing-impaired
people using methods such as LEDs and vibrations (Fig. 1 (iii)).

The reference of
external ear

.

Ear canal

Animal external ear
External ear

model-based Q
microphone sensor
N

Figure 1: Overview of the animal ear-like hazardous sound detection device
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The animal external attachment is shaped somewhat like the external ear of an animal.
Because animals have two ears, they are able to judge the direction and source of sounds.
Animals can detect enemies and danger in real time by using their ears. Their hearing abilities
vary widely across species. That said, animals have evolved their ears for sound localization,
which helps them detect and respond quickly to enemies and danger [16]. The external ear
is made up of two structures: the pinna and the ear canal. The pinna has a sound collection
effect and the ear canal has a resonance effect [17]. It is believed that utilizing the shape of
the external ear in an external attachment could improve the detection of hazardous sounds.
The sound collection effect of the pinna is examined. The experiment compares conditions
with and without an external attachment that models an animal’s external ear. In addition, the
differences in sound pressure received are evaluated depending on the shape of the external
attachment. Also, the variation in the observed frequency characteristics due to the length of
the ear canal in the external attachment are also examined.

4. Zero Crossing Rate (ZCR)

The zero crossing is the number of times the sound waveform crosses the zero level. Specifically,
the Zero Crossing Rate (ZCR) is defined as the proportion of zero crossings within a single
frame like Fig. 2. The ZCR is used to distinguish voiced and unvoiced signals [18]. When the
ZCR is high, the sound contains more noise. The ZCR (m) of frame m is defined as equation.
(1).
100 = 1
ZCR(m)[%] = A 5 lsgn(x[n +mH]|) — sgn(xz[n — 1+ mH])| (1)
n=1

The frame length is NV samples, and the frame shift length is [ samples. The frame shift is
the number of samples between frame starts. The function sgn(z) in equation. (1) is defined

equation. (2).

1 x>0
sgn(z) =<0 x=0 (2)
-1 <0

In equation (1), the following term appears:
1
5 lsgn(xz[n + mH]) — sgn(z[n — 1 + mH])|

This term takes the value 1 if the signs of two consecutive samples differ, and 0 otherwise. The
factor % is used to make the term equal 1 when a zero crossing occurs, because the difference of
the sign values becomes =+ 2 in that case. Adding this term fromn = 1,..., N — 1 gives the
total number of zero crossings in the frame. Dividing this number by N normalizes it according
to the frame length. The result of equation. (1) is multiplied by 100 to express the ZCR as a
percentage.

Consequently, the ZCR provides a simple and effective measure of the spectral characteristics
of the signal. It is widely used in speech processing tasks such as voiced and unvoiced classifica-
tion and noise estimation. In addition, the ZCR is considered to be effective for distinguishing
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Figure 2: Zero Crossing Rate algorithm

such as the sudden sounds, the approaching sounds, and the surrounding noises. Its applicability
to these sounds is examined in this study.

5. Experimental method

5.1. The prototype of animal ear-like hazardous sound detection device

A prototype of the animal ear-like hazardous sound detection device is used in the experiment.
An overview of the prototype device’s external appearance and inner structure is shown in
Fig. 3 (a). The prototype device includes a SPRESENSE microcomputer, consisting of a main
board (CXD5602PWBMAIN1) and an extension board (CXD5602PWBEXT1) [19], to which a
microphone sensor (KY-037) and an LED (LEDM226-12B5) are connected. Furthermore, an
external attachment modeled after a cat ear-shaped external ear is mounted on the microphone
sensor. Cat’s ears have been selected as a model because they are known for their excellent
hearing. Generally, a cat can hear sounds from approximately 0.05 ~ 65 kHz [20]. The external
attachment inspired by the shape of a cat’s ear is created using a 3D printer. TPU (thermoplastic
polyurethane) is used to reproduce the softness of a real cat’s ear. The prototype device is
powered by a mobile battery, enabling continuous operation for the duration of the battery
life. Also, the prototype device is lightweight and compact. Its charming design is intended to
accept by the public.

5.2. Recording environment

The sudden sounds, the approaching sounds, and the surrounding noises are recorded using the
prototype device. The recording environment is outdoors and included ambient and surrounding
environmental noise, reflecting the actual environment. (Fig. 3 (b)). The prototype device is
attached to a backpack. The recorder is wearing the backpack while recording the sounds.
Several types of the sudden sounds, the approaching sounds, and the surrounding noises are

137



(b) Recording environn

(a) Prototype device

Figure 3: The prototype device and recording environment

recorded. The recorded sounds include the following. The sudden sounds are motorcycling
horn sounds and bicycle bell sounds. The approaching sounds are approaching motorcycle
sounds and approaching car sounds. These sounds are selected because they are perceived as
dangerous in daily life and, within each category, exhibit features common to other hazardous
sounds. The surrounding noises are defined as the sound recorded outdoors when no specific
sounds are present. In total, there are 10 samples for each type of sound. Also, the recording is
conducted at a sampling frequency of 48 kHz.

5.3. Calculation of the ZCR

The ZCR is calculated from the recorded data of the sudden sounds, the approaching sounds,
and the surrounding noises. The calculation is applied to particular sound sections within the
recorded data of each sound. The ZCR of each sound is calculated using equation (1) for each
frame. In this study, equation. (1) is calculated using a frame length N=1,024 and a frame shift
length H=512, resulting in a 50% overlap between frames. A frame length of 1,024 is chosen to
balance temporal resolution and stability, and a 50% overlap is used to smoothly track sudden
changes. Then, the average of the ZCR is calculated for each sound section. Finally, the ZCR
values are compared between the sudden sounds, the approaching sounds, and the surrounding
noises.

6. Experimental result

Figure 4 shows the result of the waveform and the ZCR waveform in the sudden sounds, the
approaching sounds, and the surrounding noises. A motorcycling horn sound is used to show
the sudden sounds. An approaching motorcycle sound is used to show the approaching sounds.
Ambient noise found outside is used to show the surrounding noises. In Fig. 4 (i) (b), the ZCR
waveform of the sudden sounds shows a sharp increase at the onset of the motorcycling horn
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Figure 4: The waveform and the ZCR waveform of each type of sound

sound and a rapid decrease when the motorcycling horn sound ended. In Fig. 4 (ii) (b), the ZCR
waveform of the approaching sounds shows a gradual increase as the motorcycle approaches
and a gradual decrease as it moves away. This can be considered a result of the Doppler effect.
In Fig. 4 (iii) (b), the ZCR waveform of the surrounding noises shows small fluctuations, but
an increasing or decreasing trend is not observed. These results show that the ZCR waveform
reflects the characteristics of the waveform of the sound itself. Also, Fig. 4 (i) and (ii) show that
an increase of sound amplitude does not lead to an increase of the ZCR.

Table. 1 shows the average of the ZCR from particular sound sections of 10 samples for
each type of sound, including sudden sounds, approaching sounds, and surrounding noises.
The average of the ZCR for the sudden sounds is 14.40 %. The average of the ZCR for the
approaching sounds is 6.70 %. The average of the ZCR for the surrounding noises is 1.48 %.
These results show that there are differences in the ZCR values between the sudden sounds, the
approaching sounds, and the surrounding noises. Furthermore, it is confirmed that the ZCR
can be obtained in noisy environments without being affected by noise. Therefore, the ZCR
may be a useful aid in distinguishing hazardous sounds. The ZCR can distinguish hazardous
sounds regardless of their sound pressure. Also, hazardous sounds vary greatly, making it
difficult to limit detection to specific frequencies. However, the ZCR has the advantage of being
independent of any specific frequency threshold when detecting. Furthermore, the method to
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Table 1
The average of the ZCR for each type of sound

Sound source The average of the ZCR of each sound [%]
The sudden sounds 14.40
The approaching sounds 6.70
The surrounding noises 1.48

distinguish the hazardous sounds using the ZCR is considered applicable without the need for
additional filtering processes. The ZCR is a feature that requires little computation because it is
only based on counting how many times the signal changes sign. For this reason, it is suitable
for real-time processing on microcomputers.

7. Conclusion

This paper proposes a method to distinguish the hazardous sounds using the Zero Crossing
Rate (ZCR), to be implemented for recognition on the proposed device. For the experiment,
three types of sounds were investigated:1) sudden sounds; 2) approaching sounds; and 3)
surrounding noises are recorded using the prototype of an animal ear-like hazardous sound
detection device. Subsequently, the ZCR of each sound is calculated from the recorded sound
data. The results show that the ZCR waveform reflects the characteristics of the waveform
of the sound itself. Furthermore, there are differences in the ZCR values between the sudden
sounds, the approaching sounds, and the surrounding noises. Therefore, the ZCR may be a
useful aid in distinguishing hazardous sounds. The ZCR can distinguish hazardous sounds
regardless of their sound pressure. Also, the advantage of using ZCR is that it is independent
of any specific frequency threshold when detecting. Furthermore, the ZCR is a feature that
requires little computation because it is only based on counting how many times the signal
changes sign. For this reason, it is suitable for real-time processing on microcomputers.

In the future, sounds that are not used in the experiment will also be tested. For example,
emergency sirens and falling objects. In addition, recording is conducted in environments with
rain and wind, as well as in situations where many sounds overlap. It is verified whether detec-
tion correctly under these conditions. Furthermore, this method is planned to be implemented
in animal ear-like hazardous sound detection devices. Finally, the goal is to develop a device
that can more accurately detect hazardous sound and more broadly assist the hearing-impaired
people in real-world conditions.
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